SUMMARY The interference of IgM-class rheumatoid factor (RF) in the solid-phase radioimmunoassay (RIA) of rubella virus IgM antibodies was studied. Acute rubella infections did not significantly activate RF. False-positive rubella antibody results were obtained, however, when patients with raised RF levels were tested. If a low rubella IgG antibody titre was present, a high level of RF was required to cause a false-positive IgM result; conversely, in sera with high IgG titres, only a low level of RF was required for interference. Although the false-positive IgM titres obtained were generally low, they did show a positive correlation to both RF levels and rubella IgG titres. False-positive results were successfully avoided by removing the RF by absorption with heat-aggregated human gamma globulin. The absorption procedure did not affect true rubella IgM antibody titres.
In modern virology and microbiology, human antibodies are, to an increasing degree, detected by immunoassays using marked anti-human immunoglobulins. An indirect fluorescent antibody technique (IFAT), an immunoperoxidase technique, an enzyme-linked immunosorbent assay, and a radioimmunoassay (RIA) have all been used in rubella serology (Haire and Hadden, 1970; Voller and Bidwell, 1975; Gerna and Chambers, 1976; Kalimo et al., 1976) . A great advantage of these assays is the possibility of obtaining a rapid diagnosis of a recent infection by demonstrating specific IgM-class antibodies. However, in all assays which detect IgM antibodies by anti-human-IgM immunoglobulins, IgM-class rheumatoid factor (RF) is potentially capable of causing a false-positive IgM result, as has been clearly demonstrated in the case of the IFAT by Shirodaria et al. (1973) .
Preliminary work indicated that the solid-phase RIA method developed in our laboratory for detection of IgM antibodies against rubella virus (Kalimo et al., 1976; Meurman et al., 1977) is affected less by the presence of the RF than is the IFAT. More detailed studies on the effect of RF in Received for publication 7 December 1977 our IgM antibody RIA, however, required an equally sensitive method for determination of RF; therefore, a solid-phase RIA for IgM-RF was developed (Ziola et al., in press ). Further investigations on the interference of RF in the solid-phase rubella IgM RIA were then undertaken. The results obtained are presented in this report.
Material and methods

SERUM SPECIMENS
A total of 199 serum specimens were tested. These included 126 serial specimens from 28 patients with an acute rubella virus infection, 61 single serum specimens from patients with rheumatoid arthritis, and 10 single serum specimens from other patients having raised RF levels. In addition, two control specimens with low RF levels were used, one being negative for both rubella-specific IgG and IgM, and the other having a high rubella IgG antibody titre but no rubella IgM antibodies.
RUBELLA IgG AND IgM ANTIBODY RIA TheTherien strain of rubella virus (originally received from Dr Schluederberg, Yale University) was grown in roller cultures of VERO cells (Liebhaber et al., 1969) . Eagles basal medium (BME) containing 0-2% bovine serum albumin (fraction V), 5% tryptose phosphate broth, and antibiotics was used as main-tenance medium. After four to five days, when haemagglutinin was demonstrable in the maintenance medium, the medium was harvested and replaced with fresh medium. Daily harvests were continued until the cells showed advanced degeneration, usually by about one week. The collected media were pooled, clarified by low-speed centrifugation, and concentrated 10-to 40-fold by ultrafiltration in a Bio-Fiber 80 Beaker (Bio-Rad Laboratories, Richmond, Calif, USA). The virus antigen was then purified by pelleting through 15% sucrose onto a cushion of 60% sucrose (Kalimo et al., 1976) after which the sucrose was removed by dialysis.
The RIA procedure described previously (Kalimo et al., 1976; Meurman et al., 1977) (Fig. 2) . A smaller individual variation was observed and a slightly different discriminant function was obtained; the results, however, fully confirm the conclusions drawn with regard to the data presented in Figure 1 . When the ct/min versus serum dilution curves of sera having false-positive rubella IgM results were plotted, a much sharper decline in slope was observed than in similar curves for sera with true rubella IgM (data not shown). As a result, the false-positive rubella IgM titres caused by RF interference were low; the geometric mean titre of the 36 IgM falsepositive specimens presented in Fig. 1 group.bmj.com on October 14, 2017 -Published by http://jcp.bmj.com/ Downloaded from positive correlation to both the rubella IgG titres and the RF levels of the sera. As shown in Table 1 , when sera with a rubella IgG titre of 2000 were analysed, the geometric mean titre of false-positive rubella IgM rose from 30 to 250 as the RF levels of the sera increased. Similarly, when sera with RF levels of between 505 and 2000 units were analysed, the geometric mean titre of the false-positive rubella IgM rose from 40 to 2000 as the rubella IgG titres of the sera increased. 
Discussion
Transient RF activation has been reported in connection with the acute phase of several viral infections (Dresner and Trombly, 1959; Svec and Dingle, 1965; Wager et al., 1968; Knez et al., 1976) . Activation of RF has been reported to occur occasionally in normal rubella infection (Johnson and Hall, 1958) and more frequently in rubella infection complicated by arthritis (Johnson and Hall, 1958; Lee et al., 1960) . Kantor and Tanner (1962) , however, could not detect RF activation in rubella infections with arthritic complications. If RF activation does occur during viral infections and if it is strong enough to cause a false-positive IgM result, it can in some cases interfere with distinguishing between a primary and a secondary infection. Moreover, in primary viral infections, if the RF activation lasts longer than the true IgM antibody response, it may lead to a mistake in the timing of the onset of the infection. In the present study, transient RF activation was noticed in only one out of 28 acute rubella patients, and in this case the RF level produced was not high enough to interfere with the RIA detection of true rubella IgM antibodies.
A more serious source of error for IgM antibody tests are patients with rheumatoid arthritis and related disorders in whom continuously high levels of circulating RF are often present. As has been demonstrated for the IFAT (Shirodaria et al., 1973) , the present RIA test for IgM antibodies is sensitive to interference by RF. If the IgG titre of a serum was low, a high RF level was needed to cause a falsepositive IgM result; on the other hand, with a high IgG antibody titre, only a relatively low RF level was required for interference. It is important to recognise this when studying virus-specific IgM in patients in whom exceptionally high IgG titres are concurrently present to the same virus. Examples are patients with progressive rubella panencephalitis (Weil et al., 1975) and patients with subacute sclerosing panencephalitis caused by measles (Connolly et al., 1967) .
False-positive IgM results caused by the presence of RF can be avoided by absorption of the RF from specimens with heat-aggregated human gamma globulin (Shirodaria et al., 1973) . This procedure was effective in our hands, and a significant level of RF was seldom left in a serum specimen after one absorption step. This agrees with the results of Shirodaria et al. (1973) but disagrees with those of Gispen et al. (1975) , who found aggregated gamma globulin absorption to be ineffective in removing RF from sera with high RF levels.
The results of the present study indicate that, when IgM antibodies are measured by RIA, the possibility of a false-positive result caused by the presence of RF must be recognised and checked for if necessary. Since the increasingly used enzyme-linked immunosorbent assay is based on principles analogous to those of the present RIA methodology, similar precautions against false-positive results are necessary for any enzyme-based IgM antibody test. Measurement of RF levels must be done with a method of sensitivity equal to that of the test used for measurement of the IgM antibodies, since in sera with high IgG titres even low RF levels, not demonstrable by conventional RF tests, can cause a false-positive IgM antibody result. RF interference can, however, be easily and effectively overcome through removal of the RF by absorption with aggregated gamma globulin without affecting true IgM antibody titres. 
